ABSTRACT -The objective of this study was to estimate the dehydration curve and occurrence of fungi and mycotoxins in Tifton 85 hay. The experimental design was randomized blocks in split plots with four replications and five levels of nitrogen (0, 25, 50, 75 and 100 kg ha -1 ) in the form of urea, two regrowth ages (28 and 35 days) and drying hay in the sun and in shed. After harvesting, the grass was sampled four times (0, 8, 23 and 32 hours) to dry in the sun and twelve times (0, 3, 18, 27, 42, 51, 66, 75, 90, 99, 114 and 123 hours) for drying in shed, turned over daily. The fungi were identified after seeding and growth in three steps of haymaking (cutting, baling and after 30 days of storage). To verify the presence of mycotoxins, 20 samples, composed of hay stored for 30 days, were collected, of which 10 samples were from sun-dried hay and 10 from hay dried in shed. It took 32 hours to produce hay at field conditions, with water loss rates up to 6.10 g g -1 DM -h during the first 8 hours after cutting. The average loss of water in this period was 2.0 g g -1 DM -h . Hays dried in the shed took 123 hours and the dehydration rates were less than 0.5 g g -1 DM -h due to environmental conditions. There was a predominance of three genera of fungi: Fusarium, Penicillium and Aspergillus. The largest population was the Fusarium, followed by Penicillium, at the steps of baling and storage. The fumonisin mycotoxin was found at a higher concentration and there was no difference in fumonisin concentration in the hay dried in the sun and in shed. Although it brings no hazard to animal health, the production of aflatoxin and zearalenone was significantly higher in the samples of sun-dried hay.
Introduction
The production of hay and silage of high quality for use in the period of forage scarcity (Ribeiro et al., 2001) can help raise productivity levels in milk and meat in Brazil (Gonçalves et al., 2003) .
Although there are difficulties in climate for production of hay of high nutritional value in the summer (Reis et.al., 2001b) , the haymaking allows for high yields of tropical forages (Pereira et al., 2006) , especially those of the genus Cynodon like Tifton 85 (Cecato et al., 2001) .
However, the quality of the hay is dependent on the characteristics of plants, on the climate conditions during drying and on the storage system employed (Reis et al., 2001a) , which are important for the nutritional value, chemical composition, the presence or absence of pathogens, and interference with the loss of carbohydrates, proteins, vitamins and minerals during the production process (Cecava, 1995; Rotz & Shinners, 2007) .
The inadequate drying of the plants subjected to haymaking leads to a reduction of nutritional value of preserved forage, promotes fungal growth, which may be associated with the production of mycotoxins and increase of fibrous components and protein degradation, and results in decreased animal performance (Coblentz et al., 2000) due to the reduced feed intake.
The moisture favors the development of fungi which are present in the developmental environment of grasses. Under field conditions, Fusarium (Amaral & Nussio, 2011) , Aspergillus (Domingues, 2006) and Penicillium (Cast, 2003) are found in different populations; however, it is relevant to study them because they are responsible for the production of the majority of known mycotoxins (Sweenwey & Dobson, 1998) .
Mycotoxins are metabolites secreted by fungi, which can be produced in a wide variety of raw materials before, during and after harvest and storage. They are resistant to technological treatments and may be present in foods for animals and humans. The ingestion of mycotoxins can reduce the growth and reproductive performance of animals (Oswald, 2011) .
Thus, the objective of this research was to estimate the dehydration curve and to verify the growth of fungi and the mycotoxin production in Tifton 85 hay subjected to nitrogen (N) fertilization dried in the field conditions (in the sun) and in shed (under shade).
Material and Methods
The experiment was carried out at the Experimental Farm Antonio Carlos dos Santos Pessoa, belonging to Universidade Estadual do Oeste do Paraná, campus Marechal Cândido Rondon, having as coordinates 24th 33' 40" S latitude, 54th 04' 12" W longitude and 420 m altitude. The local climate, according to Koppen, is classified as a subtropical Cfa with well-distributed rainfall throughout the year and hot summers. The average temperature of the coldest quarter varies between 17 and 18 °C, and for the hottest quarter, between 28 and 29 °C. The annual average temperature varies between 22 and 23 °C. The total average annual rainfall for the region ranges from 1600 to 1800 mm, with the trimester of heavier rainfall showing totals ranging from 400 to 500 mm (Caviglione et al., 2000) ( Figure 1 and Table 1 ).
The soil of the experimental area is classified as an eutrophic Oxisol (EMBRAPA, 2006) and 32 hours after harvest), while for Tifton 85 dehydrated in shed, twelve samples were collected (0, 3, 18, 27, 42, 51, 66, 75, 90, 99, 114 and 123 hours after cutting) ( Table 2) . To evaluate the occurrence of fungi, samples were collected at the time of cutting, at baling and 30 days after storage. The experiment began on October 30, 2010, with cut for uniformity of the grass, and ended on January 11, 2011. The cuts for production of sun-dried hay were carried out on November 26, 2010 (28 days of regrowth) and on January 10, 2011 (35 days of regrowth); cuts whose dehydration was performed in shed occurred on the 6th (35 days of regrowth) and 24th (28 days of regrowth) of December, 2010.
The forage in drying process was revolved manually each day, at 10h00 and 15h00 The experimental periods of drying in the sun and in shed were different and so the analyses of each age and drying condition were carried out separately (Figures 2 and 3) .
For the determination of the drying curves, 300 g samples of each plot were collected at times established. The samples were selected and left to dry, packed in paper bags, weighed and placed in a forced-ventilation oven at a temperature of 55 °C for 72 hours. The last harvest was done at the time of baling (32 hours for drying in the sun and 123 hours to dry in the shed). After sampling, the material was stored in raffia braid bags which allowed for good ventilation, and were stored under identical conditions in the same shed and protected from rain and sunshine.
To quantify the fungi the same experimental design of haymaking process was used. To carry out seeding for fungal growth, first the particle size was reduced in each sample of hay with the aid of scissors. After, each sample was diluted in sterile distilled water at the ratio of 1 g/10 2 mL and then seeded in PDA culture medium (potato 200 g, 20 g dextrose, 15 g agar and 1000 mL of distilled water), where it was isolated by inducing mycelial growth. The genera were identified with the aid of specific identification keys (Guarro et al., 1999) by transferring fungal colonies with the aid of stylus or needle to a microscope slide with lactophenol cotton blue stain, covered with coverslip and observed by optical microscopy for identification of the fungi.
The samples to verify the presence of mycotoxins were collected from hay stored for 30 days by means of a composite sample originated from the replicates of each dose of nitrogen at each age, in a total of 20 samples, of which 10 came from sun drying and 10 came from the shed drying. Mycotoxins were identified by the ELISA test (enzyme immunoassay -Neogen) in the Nutrilab laboratory -Nutrifarma Laboratory Analysis -Bromatology, Microbiology and Micotoxilogy, located in the municipality of Taió-SC, Brazil.
The data on dry matter (DM) content over the dehydration times were subjected to regression analysis to obtain the drying curves. The choice of regression models was based on the significance of the parameters via a partial t test and the degree of explanation of regression to the data of DM (R 2 ), according to the statistical significance of the factors included in the initial model.
The data of drying curves, quantification of fungi and aflatoxin were subjected to ANOVA and tested by the Fisher F test (Pimentel-Gomes & Garcia, 2002; Pimentel-Gomes, 2009 ). When there was significant effect of dehydration time, it was studied by regression analysis. For the choice of model, the highest coefficient of determination (R²) was considered. The data of the fumonisin and zearalenone mycotoxins did not present a normal distribution of probabilities, found by the Shapiro-Wilk test, and so an independent and unpaired comparison of the mycotoxins was carried out using non-parametric analysis, by the Mann-Whitney test (Snedecor & Cochran, 1989) . Means were compared using the Tukey test at 5% of probability.
Results and Discussion
Nitrogen levels were not significant on the dry matter of the Tifton 85 subjected to dehydration for hay production in any cuts or regrowth age studied. However, the times after cut were significant for dehydration.
For cuts and ages whose dehydration was in the sun, the dry matter (DM) obtained during the dehydration period was adjusted to a polynomial regression model of 3rd order (Figure 2 ).
Until about eight hours after the cuts, there was a rapid loss of water, favored by the high moisture content of the grass cut, because the stomata were opened at the first hour -0  17h00  8  3  08h00  23  18  17h00  32  27  08h00  -42  17h00  -51  08h00  -66  17h00  -75  08h00  -90  17h00  -99  08h00  -114  17h00  -123 after cutting and because there was vapor pressure deficit between the air and the dehydrating forage (Collins & Cloblentz, 2007) . There were favorable weather conditions for a fast dehydration, although there was a little rain on the second day, after collecting the hay at the age of 35 days (Table 1 ).
In the period between 8 and 23 hours (Figure 2 ), the reduction in dehydration intensity is attributed to dew, decay in temperature, reduction of radiation and increase in the average and minimum relative humidity (Table 1) . A similar situation was observed by Calixto Júnior et al. (2007), who conducted a study on the production process of stargrass (Cynodon nlemfuensis Vanderyst) hay during 48 hours after harvested (or after cutting for haymaking). The fluctuations that occurred in the rate of dehydration of tifton 85 after cutting times were continuous, probably according to the environment around the plant, similar to that described by Rotz (1995) .
The DM curves whose dehydration was performed in shed had adjust by linear regression. The occurrence of precipitation during dehydration (Figure 1) contributed to increase the dehydration period to 123 hours (Figure 3 ). The dewatering rate was slower with increments of 0.21% of DM per hour after the cut, which can be explained by the precipitation and maintenance of higher air humidity (Table 1 ). The dehydration rates can achieve progressive levels near zero, due to the balance between the water vapor pressure contained in the plant and the surrounding environment, and can remain unchanged in moisture content indefinitely if the environment is favorable to this (Rotz, 1995) . In the shed, there were no re-wetting cycles, because the forage in haymaking was protected from dew and moisture of the soil and this is in agreement with the findings of Calixto Júnior et al. (2007) .
The DM content of hay at 35 days of regrowth dried in the shed did not reach the level of 850 g kg -1 of hay. The recommendation is that hay harvested with moisture contents of 250 g kg -1 of hay be kept loose; between 180 and 220 g kg -1 of hay should be chopped, and if harvested with moisture content of 200, 180 or 160 g kg -1 the hay must be kept in small, medium and large bales, respectively (Cecava, 1995) .
The hays dried in shed require a longer time for dehydration, due to the lack of direct solar energy to remove moisture (Rotz, 1995) and hay production using other forms of energy is usually impractical or anti-economic. The hay moisture favors fungal growth and heating of the material when baled (Rotz, 2003) . The fungi can lead to reduction of intake by the animals and to production of mycotoxins, while heating makes a portion of the proteins unavailable, especially if the heat temperatures reach above 40 °C, due to the Maillard reaction (Collins & Cloblentz, 2007) .
The prolonged period of dehydration (Figure 3 ) can also lead to loss of soluble carbohydrates, proteins, lipids and vitamins A and B (Cecava, 1995) ; however the nonexposure to sunlight does not transform the ergosterol into vitamin D (Rotz & Shinners, 2007) . The direct radiation is more important for hay production than the deficit of water vapor pressure between the plant and the environment and than the wind speed because of the effect evaporation (Wright et al., 2000) .
The average loss of water during the first 8 hours of the hay dried in the sun were greater than 6.10 g g -1 of DM h -1 and the average at 32 hours approached 2 g g -1 of DM h -1 (Figure 2 ). The linear rates of dehydration in the shed for 28 and 35 days were 0.50 and 0.39 g g -1 DM h -1 , respectively. The dehydration rate of the sun-dried hay was higher than those found by Moser (1995) and Collins & Cloblentz (2007) , who reported that the initial rate of water loss can be 1 g g -1 DM h -1 , mainly by the rapid evaporation Coefficients of equations significant at 1% of probability by the T test. Coefficients of the equations significant at 1% of probability by the T test. of the leaf, both for grasses and legumes. Both rates of dehydration of Tifton 85 hay dried in the sun and in shed were higher than those found by Formiga et al. (2011) with black Jurema hay (Mimosa tenuiflora Wild. Poir.), whose dehydration rates ranged like stalk diameter, from 0.03 to 0.05 g g -1 DM h -1 of hay. The decline in dehydration rate occurs when the stomata close (about two hours after harvest) by reducing the osmotic pressure of the cells. But at this stage about 70-80% water still remains, which is reduced by cuticle evaporation, and is also affected by the leaf structure, characteristics and structure of the plant cuticle. A third stage of dehydration begins when the moisture of the plant reaches about 450 g kg -1 of hay, and at this stage, it is less influenced by the management and more sensitive to climate conditions, especially air humidity (Moser, 1995) . This probably occurred in the dehydration process of the hay in the shed (Figure 3) .
The forage dried under field conditions ( Figure 2 ) reached more than 800 g kg -1 DM of hay 32 hours after cutting. This result is in agreement with data reported by Jobim et al. (2001) , who affirmed that the leaves of Tifton-85 need 24 hours to reach approximately 900 g kg -1 DM, while the stalk fraction needs about 30 hours of sun exposure to achieve near 800 g kg -1 DM, because of the stalk diameter. Pinheiro & Peça (2004) said the deficit between the humidity of the environment and plant and wind speed are the variables that most influence the drying process. Forage not conditioned, well distributed and with up to 3 kg m -2 increases the drying rate at approximately 50% (Wright et al., 1997) .
The prolonged time of dehydration in the shed probably resulted in loss of protein and soluble carbohydrates and changed the composition of the fibers. In plants harvested in the growth phase and rapidly dehydrated there can be losses of 3-4% in DM due to the breathing process, which continues until the moisture percentage is below 40%. When a slow dehydration happens, as in the rainy season, there are increased losses of DM and nutrients (Cecava, 1995) .
The fungi genera identified were Fusarium, Penicillium and Aspergillus, in addition to Rhizopus and Cladosporium, in two forage cuts and three stages of hay production (cutting, baling and after 30 days of storage).
For the interaction of N doses and haying stages, there were significant differences in hay dried in shed at doses of 25, 50, 75 and 100 kg N ha -1 in the baling stage, in the 1st cut compared with other stages of haymaking (Figure 4 -B) . There were also differences in the 2nd cut, in the hay dried in the sun at dose of 25 kg N ha -1 during baling ( Figure 5 -A) and in hay dried in the shed, at doses of zero, 25 and 100 kg N ha -1 in relation to the same doses at the cutting stage ( Figure 5 -B ). There were no differences in the fungal population in the 1st cut dried in the sun, neither between stages of haymaking nor between N doses (Figure 4 -A) .
The highest fungi population occurred in the 1st cut at the baling phase in the hay dried in shed (Figure 6 -B) . In the 2nd cut, the largest population of Fusarium occurred at the baling and storage stages in the hay dried in the sun (Figure 7 -A) and in the storage in the hay dried in the shed (Figure 7 -B) . For Fusarium fungi, there were no differences in the 1st cut between stages of haymaking for the hay dried in the sun (Figure 6 -A) .
There were no differences between the Penicillium population over the haymaking stages, both for the hay dried in the sun and in shed (Figures 6 and 7) .
For the genus Aspergillus, the greatest population occurred in baling and storage steps in the hay dried in the shed (Figures 6 -B and 7 -B) , probably due to the higher moisture content of hay because these fungi do not grow at a moisture content below 15% (Domingues, 2006) . In a study with alfalfa, the highest incidence of fungi was found in forage not subjected to wilting and that remained piled, and this difference also prevailed during storage for 60 days (Nascimento et al., 2000) . These authors also identified a higher prevalence of fungi immediately after cutting, with identification of various species, where Penicillium was prevailing at 15 and 30 days of storage, followed by Aspergillus in hay dried 50% and 60% in the sun, and then by Fusarium, Cladosporium and others.
In the present study, in both drying conditions, the hay remained dispersed and daily subjected to turning, and the greatest number of fungi occurred during the baling and storage stages. The genus Fusarium was prevalent, followed by Penicillium, Aspergillus, Cladosporium and Rhizopus. The slow drying allows for the colonization of hay by saprophytic fungi such as Fusarium, Alternaria and Cladosporium (Nascimento et al., 2000) and that may explain the larger population of Fusarium during 30 days of storage in the hay dried in the shed.
Fungi are producers of mycotoxins, and Fusarium is the producer of fumonisin (Pozzi et al., 2002) and zearelenone (Trés et al., 2011) ; Aspergillus produces aflatoxins and ochratoxins; and Penicillium produces ochratoxin (Kawashima & Soares, 2006) . Twenty composite samples were analyzed for the presence of aflatoxin, fumonisin and zearelenone (Table 3) .
For aflatoxin, the average of sun-dried samples (5.38±0.00173 µg kg -1 ) was higher than the average of samples dried in the shed (3.07±0.00167 µg kg -1 ) and although the levels of aflatoxin were low, the results were significant (P = 0.0071) for higher presence of aflatoxin in the sun-dried hay. However, the recommendations of the Laboratory of Mycotoxicological Analysis of Universidade Federal de Santa Maria suggest maximum limits (ML) of 
Total de fungos
Equal bars followed by the same letter do not differ by Tukey test at 5% of probability. 20.00 µg g -1 for calves and adult males and zero for lactating cows (LAMIC, 2011) .
Aflatoxin is produced by the fungi Aspergillus flavus and Aspergillus parasiticus and lasts for a long time after formed in the food. It is heat-resistant, withstanding temperatures of up to 220 °C. The aflatoxins B1, B2, G1 and G2 are known, and the aflatoxin B1 is one of the most carcinogenic substances (Domingues, 2006) . Aflatoxins are produced mainly with relative humidity between 80 and 85%, water activity higher than 70% and temperatures between 24-35 °C (Malmann & Dilkin, 2007) . The hypothesis for the higher levels of mycotoxins in hay dried in the sun was the daytime-night thermal variation, which stimulated the fungi to produce mycotoxins before the grass reached a moisture content below 15% (CAST, 2003) .
The average level of fumonisin in sun-dried hay samples was 90.00 µg kg -1 and those of the hay dried in shed was 60.00 µg kg -1 and the comparison was not significant (P = 0.8038) ( Table 3 ). The explanation is that Fusarium can produce toxins in the stage of pre-harvest, and is regarded as the flora of grains and remainders of dead plants that serve as substrate for them to stay in the field, and infect a subsequent crop, producing toxins (Bullerman & Tsai, 1994) .
High levels of fumonisin are associated with hot and dry periods followed by periods of high humidity and mild temperatures, insect damage and improper storage conditions such as humidity above 18% (Barros, 2011) . Fumonisin production is restricted to pre-harvest and drying and the levels tend to increase gradually along with the maturation period and, except in extreme conditions, the conventional storage is not a concern (Schiabel, 2004) .
There are no practical methods available to significantly reduce fumonisin contamination and so good management practices are recommended at pre-harvest, harvest (including time of harvest and control of temperature and humidity during transport and storage) and post-harvest, which should be routine to avoid contamination and development of fungi and release of mycotoxins (FAO/WHO, 2000) .
No legal limits for fumonisins have been established, although the Mycotoxin Commitee of the Americam Association of Veterinary Laboratory Diagnosticians recommends 50,000 µg kg -1 for cattle (Munkvold & Desjardins, 1997) , while Mallmann & Dilkin (2007) recommend 60,000 µg kg -1 . The Food and Drug Administration recommends caution from 30,000 µg kg -1 for ruminants over three months old and for those to be slaughtered it should not exceed 60,000 µg kg 
Equal bars followed by same letter do not differ by the Tukey test at 5% of probability in comparison between stages of haymaking. Analyzed at NUTRILAB -Nutrifarma Analysis Laboratory -bromatology, microbiology and mycotoxicology -Taió -SC, Brazil. * Statistics by the Mann-Whitney test. ** Significant at 5% of probability by the Tukey test.
food; for horses it should not exceed 5,000 µg kg -1 . Foods with these concentrations should not exceed 50% of the total diet (OARDC, 2011a) . Based on these instructions, the levels of fumonisin in the studied hay are above the recommended for horses and in this species it is associated with leukoencephalomalacia (CAST, 2003) . Cows and sheep are more resistant to poisoning by fumonisins, with mild liver damage (Barros, 2011) .
For zearalenone, the average sun-dried samples had 79.89 µg kg -1 and those dried in the shade showed 40.33 µg kg -1 and the difference was significant (P = 0.0257). The temperature differences of day and night that occurred during the drying process may have influenced the production of zearalenone, because the forage dried in the sun has been exposed to temperatures above 30 ºC during the day and around 15 °C at night, and with moisture of up to 20% (Figure 1 and Table 1 ). The Fusarium fungi are more susceptible to mycotoxin production when subjected to heat shock, mainly with alternating temperatures, especially the daytime and night, and with moisture content exceeding 22% (Maboni et al., 2011) .
Zearelenona is a secondary metabolite that is produced by several species of Fusarium, especially F. graminearum and F. culmorum. These species are known to colonize maize, sorghum, barley, oats, wheat and other grasses and tend to raise during cold periods or periods of high humidity and harvest season, both in temperate and hot regions of the world (Milicevic et al., 2010) .
Zearalenone is also known as RAL and F-2 toxin, and is a powerful estrogenic metabolite that causes infertility, abortion and reproductive failure in dairy cows (Trés et al., 2011) ; in heifers, it can reduce fertility when fed at up to 12.500 µg kg -1 diet (OARDC, 2011b) . The toxin is heatstable and is not destroyed by long-term storage, heating or by addition of propionic acid or other controllers of fungi. The LAMIC (2011) recommends a maximum of 250 µg kg -1 in feed supplied to ruminants.
Mycotoxins are found at low concentrations in most foods contaminated by toxigenic fungi and high rates are rarely observed. Therefore, cases of acute poisoning with clinical symptoms or evident pathology are infrequent, and chronic effects that do not call the immediate attention of the veterinaries and nutritionists prevail (Cruz, 2010) .
Conclusions
Tifton 85 hay with regrowth age of 28 and 35 days dried in the sun requires less than 40 hours to reach 85% of dry matter. For production of Tifton 85 hay dried in shed, over 120 hours are necessary. In the baling and storage stages of the hay dried in the sun and in shed there is a higher population of total fungi, and the predominant genus was Fusarium. The hay dried in the sun provides higher levels of mycotoxins, aflatoxin and zearalenone, as compared with the hay dried in the shed.
